Summary.-This study examined gross motor performance of 101 typically developing children between 3 and 5 years of age (48 boys, 53 girls, M age = 3.9 yr., SD = 0.5). All children performed 7 different gross motor tasks which were rated on a 5-point scale. Age and sex were assessed by an ordinal-logistic model, and odds ratios were calculated for each task using age and sex as covariates. For standing on one leg, walking on a beam, hopping on one leg, running, and taking stairs, statistically significant age differences were found, while for rising and jumping down, none were apparent. Mean motor performance did not differ between boys and girls on the tasks. The older the children were, the better they performed on the tasks.
Knowledge about the normal course of motor development across age and the variability of motor performance between children is essential for the identification of individuals who are at risk for motor problems, including former preterm children and children with congenital abnormalities (American Academy of Pediatrics, 2001; Gueze, Jongmans, Schoemaker, & Smits-Engelsman, 2001 ). Health care professionals regularly need to assess motor performance of young children, either because parents want to know whether their child is developing normally or because children suffer from motor problems. Developmental coordination disorder (DCD) is defined as an impairment of motor performance (Blank, Smits-Engelsman, Polatajko, & Wilson, 2012 ). According to current guidelines (Blank, et al., 2012) , motor functions of children with DCD must be substantially below expected levels given the child's chronological age. DCD may be apparent in the early years, but is not typically diagnosed before the age of 5 years, because motor assessment in young children is assumed to be unreliable. Thus, knowledge about the first occurrence of motor skills as well as subsequent changes in performance during the preschool years is needed to distinguish normal from abnormal motor development.
In very young children-below two years of age-motor development has been primarily described on the basis of motor milestones (Shirley, 1933; Bayley, 1935; Shirley, 1963; Bayley, 1993; Piper & Darrah, 1994; Bax & Gillberg, 2009 ), although such a description provides a rather simple picture of the infant's motor functions. Motor milestones only describe the age of the first occurrence of tasks that the child can perform, but not how the tasks are performed. The ability to stand up, walk independently, run, and use stairs is present before 5 years of age, but the motor repertoire changes and expands enormously during the first years of life (Bax & Gillberg, 2009 ). In fact, there is extensive literature on movement patterns and developmental sequences of motor skills in the early years of life (Roberton, Williams, & langendorfer, 1980; Halverson & Williams, 1985; Haywood & Getchell, 2009 ). For example, Roberton, et al. (1980) has described in detail the specific developmental sequences for several motor tasks in young children by providing specific levels of movement patterns. This study pictured the developmental changes in arm and leg actions, in body positions while running and jumping and the sequences for throwing, catching, and kicking. Furthermore, Halverson and Williams (1985) have defined movement elements of hopping by dividing the developmental sequence into two components (arm and leg action) and several developmental steps. In addition, VanSant (1990) described the developmental sequence of rising from the supine position on the floor in terms of the exact contribution and relationship of the different body segments. Although these detailed descriptions of motor development in the early years are important contributions to the movement sciences, they are rather difficult to use in a clinical setting. Studies on developmental sequences are generally based on videotape or high speed films, neither of which is normally used by practitioners (Barrett, Williams, Bell, & Allison, 1997) . Generally, the health care professional has a limited amount of time, does not regularly work with video techniques and, consequently, requires a relatively simple picture of the end result or product score of a task, such as the time it takes an average child to stand on one leg or to complete a specific number of hops.
The question of how motor performance changes between infancy and the school years has been addressed by several other authors (Touwen, 1993; Haywood & Getchell, 2009 ). However, no data are available on easily measurable motor outcomes for distinguishing the typically de-veloping child from the child with motor problems. In a meta-analysis of Thomas and French (1985) , sex differences in motor performance across age were studied. For 15 of the 20 investigated tasks, sex differences prior to puberty were driven by their daily sport activity. The tasks that were incorporated in their meta-analysis were all sports-related. In contrast, here the focus was on basic motor skills not associated with sports participation by the children.
A relatively simple approach in measuring motor performance during the school years was published by Largo and co-workers (Largo, Caflisch, Hug, Muggli, Molnar, & Molinari, 2001; Largo, Caflisch, Hug, Muggli, Molnar, Molinari, et al., 2001; Largo, Rousson, Caflisch, & Jenni, 2007) . The purpose of the Zurich Neuromotor Assessment (ZNA; largo, et al., 2007) was the description of motor development of healthy children and to depict the normal variability among children. The test battery was validated and standardized based on the motor performance of 662 healthy, typically developing children. The items of the ZNA can be easily measured, are not related to skills in sports and show no ceiling or floor effects. However, the ZNA was not developed for children below age 5 years.
The goal was to study the performance of seven basic gross motor skills of children below 5 years of age and to introduce measures that can be relatively easily counted, timed, and scored. The tasks were chosen so that a health care provider could simply ask: can the child perform the task or not? It was also of interest to quantify how children's skills on the task would improve with age.
Method

Participants
We selected 101 children between 3 and 5 years of age (48 boys, 53 girls, M age = 3.9 yr., SD = 0.5) from day-care centres in the greater Zurich area. Only healthy children were recruited, that is without medical, developmental, and behavioural conditions (including motor problems) according to the day-care providers. The study was approved by the institutional review board of the Canton of Zurich and conformed to the Declaration of Helsinki. All families received a study description and provided written informed consent.
Materials
The Bayley stairs (i.e., stairs of the Bayley Scales of Infant Development with three steps, with step height 16.4 cm, width 60.9 cm and depth 25.3 cm; Bayley, 1993) , a walking beam (length 1.83 m, height 3 cm, and width 6.4 cm, similar to the upper part of the Bayley board), a wooden board for standing on one leg (25 × 30 cm), and a bright signpost to run around were used.
Procedure
Children were tested in the day-care centres and the performance of one child at a time was recorded on digital video. The tasks are listed in Table 1 . Except for the task of rising, the examiner (THK) demonstrated the task initially and explained the task verbally. The following phrases were used: stand on one leg as long as you can; walk on this beam with one foot exactly in front of the other; stand up from crawling position as quickly as possible; hop on one leg; run around the obstacle as quickly as possible; take the stairs, turn, and go down; and jump down from the first step of the stairs. For the task taking stairs, the children had to fetch a sticker attached to the wall at the top of the stairs. To obtain the sticker, the required actions were running, turning around a sign post, running, going up and down the stairs, and running back to the starting place. The signpost was added into the task in order to increase the distance. The procedure was performed in the order of standing on one leg, walking on a beam, hopping on one leg, rising, running, taking stairs up and down, and jumping down from the lowest step of the Bayley stairs.
The gross motor tasks were scored as follows: rated on a 5-point scale (walking on a beam, rising, running, taking stairs up and down, and jumping down), counted (number of hops for hopping on one leg) or timed performance measured (number of seconds for standing on one leg). The ordinal coding of data for standing and hopping on one leg is presented in Table 1 as the scoring system. For all tasks, performance was rated on a 5-point scale.
The video recordings were rated by a trained observer of motor behaviour blind to the age of the children (THK, refer to Table 1 for the description of the scoring system of the motor tasks).
Analysis
To estimate the effect of the age and sex on each of the ordinal variables, an ordinal-logistic model was proposed. Such models are used as they generalize logistic models for binary outcomes to response variables with more than two (ordered) categories. One way of interpreting the results of an ordinal-logistic model is based on odds ratios. In this context, an odds ratio compares the odds of reaching a given stage of development (e.g., the odds of being able to stand on only one leg between 2 and 5 seconds at the task standing on one leg) between two groups of children with 1 year age difference (age effect) or between boys and girls (sex effect), respectively. In all the following analyses, a comparison was considered as statistically significant when the associated p value is less than .05.
Results
Not all the tasks could be performed by all children. Walking on a beam, standing, and hopping on one leg could not always be measured, and a score 2 Stiff movement and/or makes a side-step 1 Falls down or places his hand on the ground 0 Fails of 0 was therefore given in such cases (for walking on a beam n = 1, standing on one leg n = 6, hopping on one leg n = 16). The other four tasks could be performed by all the children.
The ordinal-logistic model allowed the estimation of age and sex contribution on each of the ordinal outcomes; the results are given in Table 2 . The odds ratios associated with age were always larger than 1, indicating that the odds of having a superior performance increased across age. This was, however, not significant for the tasks jumping down and rising.
The odds ratios for sex were all non-significant (last column of Table  2 ). On 5 of the 7 tasks, however, girls achieved higher performance compared to the boys at each age. Interactions of sex and age were also examined to compare change across age of the boys' and girls' performance. No significant interaction was found, indicating that age patterns are similar for boys and girls.
To illustrate the changes across age, the age-dependent mean score was estimated according to the ordinal model (Fig. 1) . All mean scores improved, reflecting the fact that all odds ratios were larger than 1. The steepest curve (i.e., largest odds ratio) was observed in the task hopping on one leg, which is thus the outcome most dependent on age. discussion The aim of this study was to investigate the change in performance of seven different gross motor skills of typically developing children between 3 and 5 years of age. Motor performance significantly improved during this age period, and all the children attained a certain level of skill on the tasks before their fifth birthday. The differences in task performance as expressed by the odds ratios between boys and girls were not significant. As soon as the child could perform a task, a steady improvement was Note.-An odds ratio over 1 for age implies that the older the child, the higher the performance. An odds ratio over 1 for sex (girl) implies that girls tended to have higher performance than boys at each age.
fiG. 1. Statistically significant improvement from 3-year-olds to 5-year-olds for the tasks: walking on a beam, running, taking stairs, standing and hopping on one leg and lack of statistically significant improvement for rising and jumping down. Ratings from 0: Unable to 4: Fully developed skill. Boys ( ); Girls ( ). Motor milestones (i.e., information concerning whether or not a child can perform a motor task) that were introduced in the 1930s by Shirley and Bayley (Shirley, 1933; Bayley, 1935) are still useful tools for screening for motor difficulties (Piper & Darrah, 1994; Tieman, Palisano, & Sutlive, 2005) . However, from the moment the child can complete a motor task, the performance level of the child becomes increasingly important for the distinction between normal and abnormal motor abilities. After two years of age, the performance on the task improves. This change in motor abilities shows that the performance transitions from being a motor milestone to being a more skilled motor expression.
The appearance of a new skill and its change with age might give an indication about the maturation of the nervous system and the child's adaptation to the environment. In the current literature, the motor development of children is no longer seen as a pure maturational process. Instead, a more epigenetic approach is proposed regarding the changes in motor skills at very young ages (Forssberg, 1999; Hadders-Algra, 2000a , 2000b Angulo-Barroso & Tiernan, 2008; Galvan, 2010) . Motor development is seen as a selection process within the nervous system involving the retention of those associated neural structures that are frequently used (Forssberg, 1999) . Constraints on motor development are not only set by the nervous system, but also by the physical characteristics of the child and its environment (Thelen, 1995) . In the light of this changing view on motor development, with an increasing role of the environment and the physical properties of the child (Angulo-Barroso & Tiernan, 2008), we quantified the normal course of motor performance during the preschool years.
until now, the main focus of research on preschool motor development has been on children who are at risk for developmental disorders (Folio & Fewell, 2000; Tieman, et al., 2005; Henderson & Sugden, 2007; Van Waelvelde, Peersman, lenoir, & Engelsman, 2007) and on developmental sequences and patterns of movement skills (Roberton, et al., 1980; Halverson & Williams, 1985; Haywood & Getchell, 2009) . Although these latter studies are important contributions to the movement sciences, they are rather difficult to use in the clinical setting. In fact, most tests of motor performance have been designed to detect underachievers and children with motor problems. This is not surprising since the purpose of most motor tests is the identification of motor dysfunction (Folio & Fewell, 2000; Yoon, Scott, Hill, levitt, & lambert, 2006; Henderson & Sugden, 2007) . There is, as of yet, an excellent and detailed description of the developmental steps of gross motor skills in normally developing children below age 5 years for gross motor development (Haywood & Getchell, 2009 ), however, a validation of these developmental steps is lacking. For example, it is not known at what age (e.g., number of hops for a certain age) typically developing children can hop on one leg and how this task improves with age. Furthermore, it has not been established how children improve their performance on a task after it has emerged. Although Gallahue and Ozmun (2006) and Noller and Ingrisano (1984) have described the time of first occurrence of a motor task, the age ranges of the emergence are wide and improvements and perfection on motor tasks were not considered.
Of the seven tasks, three (walking on a beam, standing, and hopping on one leg) were not performed correctly by some of the 3-to 5-year-olds. Thus, a score of 0 was given in these cases. However, the biggest amelioration with age (in terms of high odds ratios) was noted on these 3 tasks. For example, for the task hopping on one leg, improvement with age was strong. All children older than 4.5 years could perform hopping on one leg (see Fig. 1 ) and so, 3 to 5 years is the age range in which children acquire this skill and improve their performance substantially. The tasks rising, running, taking stairs, and jumping down were completed by all 3-year-olds and so these skills must have already been acquired by age 2 years. We note that this study is not based on longitudinal data but on cross sectional assessments, so that there are 101 independent variables for the seven tasks.
In this study, it was observed that generally, children were more and more proficient (or skilled) in performing the motor tasks as age increased. This finding may describe a gradual adaptation of the motor system to meet its requirements (Sporns & Edelman, 1993; Thelen, 1995; Hadders-Algra, 2000b , 2000a . For the tasks with the highest odds ratios (i.e., hopping, standing on one leg, and walking on a beam), a strong age-related increase was observed, indicating that dynamic force (measured by hopping on one leg) and equilibrium of the body (measured by standing on one leg) improve during this age period.
For the tasks rising and jumping down there was no age effect. On both tasks, performance was already good at age 3 years as median ratings were 2 and 3, thus not leaving much opportunity for further improvement. A large developmental improvement must have occurred before age 3 years, suggesting that these tasks were not appropriate measures for motor development between 3 and 5 years due to a ceiling effect. The normative data for the Bayley scores on jumping down (on exactly the same stairs as used here) indicated that 50% of the children performed this task at age 24.8 mo. (Bayley, 1993) . Obviously, for this task the largest improvement was before age 3 years. In this study, the children were typically developing children without motor problems or medical history. It appears that a child unable to perform several of these gross motor tasks may have delayed motor development.
Children were randomly selected on the basis of typical physical and motor development. The sample of children was of unknown background. Thus, it was uncertain whether they were already involved in some sort of sport activities and whether their parents were athletic. It is striking, however, that the age differences were large without taking any training effect into account.
Nevertheless, in future studies, the association of improvement on gross motor skills with children's general motor activity must be addressed. Do children who regularly practice challenging sportive activities at an early age such as skiing, dancing, or football achieve better scores on the tasks? It remains unknown whether motor abilities can be influenced by motor training for an earlier attainment of motor skills.
The tasks standing on one leg, walking on a beam, hopping on one leg, running, and taking stairs may be suitable for the assessment of gross motor performance in preschool children.
